ABSTRACT DY Cen has shown a steady fading of its visual light by about 1 magnitude in the last 40 years suggesting a secular increase in its effective temperature. We have conducted non-LTE and LTE abundance analyses to determine the star's effective temperature, surface gravity, and chemical composition using highresolution spectra obtained over two decades. The derived stellar parameters -2 -for three epochs suggest that DY Cen has evolved at a constant luminosity and has become hotter by about 5000 K in 23 years. We show that the derived abundances remain unchanged for the three epochs. The derived abundances of the key elements, including F and Ne, are as observed for the extreme helium stars resulting from a merger of an He white dwarf with a C-O white dwarf. Thus, DY Cen by chemical composition appears to be also a product of a merger of two white dwarfs. This appearance seems to be at odds with the recent suggestion that DY Cen is a single-lined spectroscopic binary.
Introduction
The hydrogen-deficient giant DY Centauri is commonly known as an R Coronae Borealis (RCB) variable (Hoffleit 1930) , although no RCB-type activity has been observed since that reported in 1930. From its colour, it was known to be significantly hotter than most other RCB stars (Kilkenny & Whittet 1984) , whilst a high-resolution spectrum obtained in 1987 showed it to have an effective temperature and surface composition similar to that of the hotter extreme helium (EHe) stars (Jeffery & Heber 1993 ) (JH93), albeit with an apparently low iron abundance and a high (10%) hydrogen abundance. An identification of RCB and EHe stars with stars evolving on a post white dwarf merger track has become increasingly strong in recent years (Saio & Jeffery 2002; Pandey et al. 2006; Clayton et al. 2007; Jeffery et al. 2011) ; the assumption was that DY Cen also lies on this track.
Recent evidence suggests that this may not be so. The conclusion that DY Cen represents a substantially different type of star to the RCB and EHe stars was hinted at by De Marco et al. (2002) , who highlighted a number of discrepant radial-velocity measurements, and demonstrated a systematic increase in V magnitude during an interval of some 80 years. Rao et al. (2012) demonstrated that DY Cen is a single-lined spectroscopic binary with an orbital period of 39 days; all other EHe and RCB stars are single stars, as expected for a white-dwarf-merger origin. DY Cen and another "RCB" star with significant hydrogen, V854 Cen, show other differences to normal RCB stars. Spitzer Space Telescope observations show C 60 in both DY Cen and V854 Cen, but not in other RCB stars (García-Hernández et al. 2011) . DY Cen's spectrum is also unusual in that nebular emission lines are present at maximum light. Note that, there are three other 'hot' RCB stars with emission lines: MV Sgr, V348 Sgr and HV 2671. DY Cen and MV Sgr seem to have RCB abundances, while V348 Sgr and HV 2671 do not (see Clayton et al. (2011) , and references therein). The present paper was stimulated in part by the systematic and secular fading of DY Cen from a visual magnitude of 12.2 in 1970 to nearer 13.2 in 2010. To explain this requires either a steady increase in extinction, a fall in intrinsic brightness, a change in effective temperature (which changes the bolometric correction) or a combination of all three. Given the magnitude and rapidity of the change, any one of these has profound consequences for interpreting the evolutionary status of DY Cen. This paper first examines the implications of the visual-magnitude variation assuming evolution at constant luminosity. It then carries out a fine-analysis for effective temperature, surface gravity and chemical composition using high-quality spectra obtained over two decades. Judged by chemical composition, especially by the F and Ne abundances, DY Cen closely resembles hot EHes. Since EHes are generally considered to be single stars and formed by the merger of a Helium white dwarf with a C-O white dwarf, identification of DY Cen with the EHes challenges the recent identification of DY Cen as a single-lined spectroscopic binary.
The secular fading of DY Cen
Drilling (1986) noted that, if the EHe and RCB stars share the same luminosity, they show a steady fading of the absolute visual magnitude towards higher effective temperature (T eff ). The photometric variation of DY Cen with time was summarized by De Marco et al. (2002) and Rao et al. (2013) showing a fading in visual magnitude by about 1.3 magnitudes over the previous century, with dramatic change in the nebular emission line fluxes, prompting the suggestion that it could be associated with a secular increase in effective temperature on a timescale of decades.
In order to calibrate the star's fading, we have taken the theoretical spectral energy distributions (SED) for a grid of line-blanketed hydrogen-deficient model atmospheres (Behara & Jeffery 2006) , computed with a chemical composition appropriate to that of DY Cen. Since the SED total flux is proportional to the fourth power of T eff , each SED in the model grid was divided by this quantity in order to apply a constant luminosity approximation. Each SED was then convolved with the B-and V -band filter response functions given in Table 2 of Bessell (1990) , integrated to obtain the total flux in the V -band, and converted to a magnitude.
An arbitrary zero-point is obtained by comparing the theoretical V -magnitude corresponding to T eff = 19 500K in 1987 May measured spectroscopically by JH93 with a mean value of V = 12.784 measured by Pollacco & Hill (1991) in 1987 May-June. The zero-point corrected theoretical V magnitudes and the B-V colours are shown as a function of T eff in Figure 1 , together with observed V magnitudes from 1930, 1970, 1987 (Hoffleit 1930; Marino & Walker 1971; Pollacco & Hill 1991) and 2007 (AAVSO 1 ). Hoffleit's photographic magnitudes are converted to V magnitude by a recipe given by (De Marco et al. 2002) . Figure 1 suggests that, if the luminosity has remained constant, an explanation for the secular fading of DY Cen can be provided by an increase in effective temperature from about 14 000 K in 1930, to about 25 000 K in 2010. It remains to be shown that this is the only explanation which can account for the observations.
In the following sections, high-resolution optical spectra from 1987 to 2010 are analysed to determine if the star has evolved at constant luminosity with concomitant variations in effective temperature and surface gravity. In addition, the chemical composition of DY Cen is determined anew using the superior spectra now available.
Observations
High-resolution spectra of DY Cen, are available from the nights of 1987 April 17, 2002 June 24 and several nights between 2010 February 27 to 2010 March 2. All spectra were obtained at maximum light, there having been no minima recorded over the period of these observations according to visual estimates from AAVSO. The data were reduced using standard procedures appropriate to the instrument, as described by JH93 and Rao et al. (2012) .
The 1987 spectrum was obtained with CASPEC, the Cassegrainéchelle spectrograph on the 3.6m telescope of the European Southern Observatory at La Silla, Chile. The spectrum covers the spectral range 4000 -4900Å at a (2-pixel) resolution of about 22 000. The spectrum was analyzed in detail by JH93.
The 2002 spectrum was obtained with UCLES, the University Collegeéchelle spectrograph on the 3.9m Anglo-Australian Telescope at Siding Spring Observatory, Australia. The spectrum covers the spectral range 3800 -5100Å at a resolution of 100 000 with a signal-tonoise ratio of 70 but when smoothed to the resolution of the 2010 UVES spectra the UCLES spectrum has a signal-to-noise ratio comparable to that of the former. Further details were given by Rao et al. (2012) .
Four spectra were acquired in February-March 2010 with UVES, the cross-dispersed echelle spectrograph (Dekker et al. 2000) on the Very Large Telescope of the European Southern Observatory at Cerro Paranal, Chile. A resolution R ≡ λ/∆λ ≈ 34 000 was estimated from the telluric lines in the 5920Å region. The available spectra cover the wavelength regions 3300 -4500Å, and 5700 -7500Å. In the blue, the signal-to-noise ratio exceeds 200 at the above wavelengths. The spectrum from 2010 February 27 was chosen for an abundance analysis because lines were least affected by emission in the core and the absorption line profiles are the most symmetric. Emission cores are prominent in hydrogen Balmer lines, He i lines and C ii lines. The emission appears to be variable on a timescale of weeks, since the 2010 February 27 spectrum shows little or no core emission compared with the 2010 March 2 spectrum. Several nebular lines including
, and [S ii] are also present Rao et al. (2013) .
Spectra at all three epochs are dominated by photospheric absorption. The vast majority of lines arise from H i, He i, C ii, C iii, N ii, N iii, O ii, O iii, Ne i and Ne ii. A few lines from other ions are present but care must be taken to account for blending of these lines with lines from the above species which dominate the spectrum. Lines were identified using the Revised Multiplet Table (RMT) (Moore 1972 ), tables of spectra of H, C, N, and O (Moore 1993 ) and the NIST Atomic Spectra Database 2 .
The primary information required from these spectra are the effective temperature and surface gravity and the chemical composition of DY Cen at each epoch. Quantitative analysis is applied consistently to each spectrum.
Quantitative Fine Analyses
Determination of the atmospheric parameters and the chemical composition is based on line-blanketed model atmospheres. The effective temperature T eff and surface gravity g are obtained from the intersection of loci in the T eff versus log g plane. These loci include several expressing ionization equilibrium (e.g., C ii/C iii and O ii/O iii) and others derived from fits to the Stark-broadened profiles of He i lines, as illustrated below. The microturbulent velocity ξ is determined from O ii lines spanning a range in equivalent width.
In principle, determination of chemical composition is an iterative process which concludes when the composition adopted in the computation of the model atmosphere equals the composition derived from a spectrum. Test calculations with models computed for C/He of 0.3 -1% and H/He of 0.0001 and 0.1 give essentially the same atmospheric structure and, thence, the same atmospheric parameters including the composition.
For DY Cen, photoionization of neutral helium is the principal source of continuous opacity in the optical. Thus, lines of another species, say C ii, are sensitive to the C/He ratio. The abundances are given as log ǫ(X) and normalized with respect to log Σµ X ǫ(X) = 12.15 where µ X is the atomic weight of element X. With bound-free He transitions providing the opacity, the strength of the He i lines is not very temperature sensitive; the excitation potential of the continuous opacity providing levels are but slightly elevated with respect to the levels providing the observed lines. A similar consideration applies to many of the lines of other ions which have high excitation potentials but similar to those of He providing the continuous opacity.
Under DY Cen's atmospheric conditions, the approximation of local thermodynamic equilibrium (LTE) is expected to fail for some species. In recognition of this failure, the abundance analyses were carried out for non-LTE model atmospheres and for non-LTE (and LTE) line formation for all major elements and some minor elements. Partially-blanketed non-LTE model atmospheres were computed with the code TLUSTY (Hubeny 1988; Hubeny & Lanz 1995) using atomic data and model atoms provided on the TLUSTY home page 3 . The microturbulence of ξ = 10 km s −1 was used for computing the model atmospheres. These model atmospheres included both bound-free and bound-bound transitions of H, He, C, N, O, and Ne in NLTE. The adopted model atoms, with their number of levels given in brackets, are: H i(9), He i(14), He ii(14), C i(8), C ii(11), C iii(12), C iv(13), N i(13), N ii(6), N iii ( Model atmospheres in LTE were computed using TLUSTY and were also taken from an extensive grid of LTE models described by Behara & Jeffery (2006) . The latter models were constructed using the fully line-blanketed LTE code STERNE (Behara & Jeffery 2006) , which incorporates Opacity Project bound-free opacities for all important elements up to and including iron and bound-bound atomic transitions corresponding to some 10 6 lines by means of an opacity-sampling (OS) formalism (Behara & Jeffery 2006) . As a starting approximation, a composition corresponding to that of JH93 was adopted, with the exception that the iron abundance was scaled to be solar relative to the silicon abundance. An important feature of the OS approach is that the microturbulent velocity ξ can easily be adjusted to be consistent with that measured from the observed spectrum. A large value of ξ was found by JH93 and confirmed by the present analyses (see below). A model grid was computed covering the ranges T eff = 16 000(1 000)30 000 K and log g = 1.7(0.1)3.0 cgs. Test calculations showed that LTE TLUSTY and LTE STERNE models for parameters applicable to DY Cen give essentially the same atmospheric parameters and elemental abundances. It is, thus, very likely that the non-LTE effects estimated from comparison of results for LTE and non-LTE TLUSTY atmospheres are representative of those to be found from STERNE models were the latter available in a non-LTE variety.
An extensive LTE analysis of the blue optical spectrum of DY Cen was reported by JH93. Ionization equilibrium was used to establish the effective temperature T eff , Starkbroadened neutral helium line profiles provided the surface gravity g, and abundances were obtained for 13 elements from H to Fe. In addition, the microturbulent velocity ξ and the projected rotation velocity v rot sin i were measured from Oii lines. The approximation of local thermodynamic equilibrium (LTE) for the atomic level populations was adopted throughout.
In the interim it has been shown that departures from LTE strongly affect the profiles, and especially the cores, of neutral helium lines in extreme helium stars of similar T eff to DY Cen (Przybilla et al. 2005 ) and lines of C, N, and O used to establish atmospheric parameters may also be affected by departures from LTE. Additionally, a complete treatment of line-blanketing is important for the temperature stratification and, hence, the measurement of T eff of hot He stars (Behara & Jeffery 2006) but tests show that the line-blanketing adopted for TLUSTY models is a good approximation to complete line-blanketing.
In this paper, we have used TLUSTY and SYNSPEC for calculating LTE and non-LTE model atmospheres and line profiles (Hubeny 1988; Hubeny et al. 1994; Hubeny & Lanz 1995) . Stellar atmospheric parameters are determined from the CASPEC, UCLES and UVES spectra on the assumption of non-LTE using the H i, He i, C ii, C iii, C iv, N ii, N iii, O ii and O iii lines. Abundances of elements beyond O are determined from analyses of lines in the UVES spectra with occasional reference to the CASPEC spectrum and also to the UCLES spectrum whose S/N ratio is comparable to that of a UVES spectrum when smoothed to the resolving power of a UVES spectrum. Adoption of the UVES spectrum for the 'heavy' element analyses is warranted by the superior quality of the UVES spectra relative to the CASPEC spectrum. Except where noted, the gf -values of the lines are taken from the NIST database.
4 A few other sources consulted for gf -values are referenced in footnotes to the relevant tables.
For the elements H to Ne, identification of lines suitable for analysis is not a major issue. In particular, ions of C, N, and O are generally very well represented and a good selection of clean lines is available. Moore (1993) is the primary source of wavelengths and classifications for these lines. Identifications of the few lines of 'heavy' elements are discussed later. Hydrogen Balmer lines are subject to overlying variable emission. Emission swamps the absorption component in early Balmer lines: Hδ has a strong emission core in UVES spectra but strong absorption dominates the line in the CASPEC and UCLES spectra. Strong variable emission is also seen in some C ii lines. Weak emission is the only signature of Balmer lines beyond H17 at 3697Å in the UVES spectra. Neutral helium lines are well represented. Early lines in several series exhibit a P Cygni profile, e.g., 5876.6Å and 6678.1Å. He i lines are traceable to the short wavelength limit of the UVES spectra. Emission components in H i, He i, C ii and other lines are likely attributable to the star's extended atmosphere.
Non-LTE analyses
Line profiles and theoretical equivalent widths were obtained for these model atmospheres using the companion non-LTE code SYNSPEC (Hubeny et al. 1994) . Non-LTE abundances were derived by matching the observed absorption profile or its measured equivalent width with the SYNSPEC prediction. Note that features which are unresolved blends of two or more lines were synthesized and matched to the observed feature by adjustment of abundances.
The procedure for determining the T eff , log g and ξ is a standard one. The microturbulent velocity ξ is estimated from O ii lines because they show a wide range in equivalent width. O ii lines with similar lower excitation potentials (LEP) were used to minimise the temperature dependence: O ii lines were used with LEPs about 23, 26, and 28 eV. ξ is found by requiring the abundance to be independent of the measured equivalent width.
For pairs of ions of the same element, insistence upon ionization equilibrium provides a locus in the (T eff , log g) plane. Available potential loci include C ii/C iii, C ii/C iv, C ii/C iv, O ii/O iii. Not all these loci are available for all spectra.
An additional locus is provided by fits to the strongest cleanest He i line profiles with their Stark-broadened wings. Predicted line profiles depend on the electron densities and, therefore, on the temperature and surface gravity.
A final locus is the T eff from photometry.
The effective temperature and surface gravity are found as the best overall fit to the intersecting loci.
CASPEC 1987
From the 1987 CASPEC spectrum, we redetermine the stellar parameters (T eff , log g, ξ) using the non-LTE model atmospheres and the non-LTE line formation code as discussed in the above Section. As described earlier, ξ is estimated from O ii lines. The T eff and log g are then determined from He i line profiles, the ionization balance for (C ii,C iii) and the photometric estimate of T eff . For our analysis, we have used the line list given by JH93 with some additions to the C ii and C iii lines. Fits of synthetic spectra convolved with the instrumental profile with a FWHM of 0.2Å according to JH93 give a projected rotational velocity of 20 -25 km s −1 from clean O ii lines.
Note that for most of the CNO lines our measured equivalent widths are in good agreement with those of JH93. Hence, we have used the JH93 equivalent widths and the most recent gf -values (see Section 4). Our non-LTE analysis gives the final model parameters: (T eff , log g, ξ)=(19400, 2.1, 20.0), in agreement with the stellar LTE parameters derived by JH93. The CNO lines given in Table 2 are used in this analysis. Observed profiles of the He i 4922Å, 4471Å, and 4388Å line are shown in Figure 2 with predicted non-LTE profiles for non-LTE atmospheres of T eff =19400K and two different surface gravities. Predicted profiles include the convolution with the instrumental profile and the projected rotational velocity. At this effective temperature, the surface gravity log g ≃ 2.1 provides an good fit to these He i lines. For the final model, line by line non-LTE abundances including the mean abundance, and the line-to-line scatter, are given in Table 2 . The lines giving significantly deviant abundances are marked by ?, and are not included in estimating the mean. The abundance rms errors, due to uncertainty in T eff and log g, from C ii, C iii, N ii, N iii, and O ii are 0.06, 0.24, 0.08, 0.21, and 0.12 dex, respectively.
AAT/UCLES 2002
In our analysis of the AAT/UCLES spectrum, we have adopted the same procedure and nearly the same lines, as for the CASPEC spectrum; the spectral bandpasses are almost identical. However, the UCLES spectrum is generally of higher quality, especially if coaddition of pixels is employed to reduce the resolving power to that of the UVES spectrum. The final derived stellar parameters are (T eff , log g, ξ)=(23000, 2.35, 23.0). The CNO lines given in Table 2 , and the wings of the observed He i profiles at 4026Å, 4922Å, and 4388Å ( Figure 3 ) are used in this analysis. Synthetic profiles are convolved with the instrumental profile and with the projected rotational profile of 20 -27 km s −1 determined from a fit to clean O ii lines. The abundance rms errors, due to uncertainty in T eff and log g, from C ii, C iii, N ii, N iii, and O ii are 0.05, 0.18, 0.08, 0.18, and 0.01 dex, respectively.
UVES 2010
Of the UVES spectra, the spectrum with photospheric absorption lines least affected by core emissions was used (2010 February 27) . Table 3 of this paper lists the chosen lines of H, C, N, and O.
A microturbulent velocity ξ = 24 ± 3km s −1 is obtained from O ii lines. Observed profiles of the He i 4009Å and 4388Å line are shown in Figure 4 with predicted non-LTE profiles for a non-LTE atmosphere of T eff =25000K and two different surface gravities. The predicted profiles have been convolved with the instrumental profile and the stellar rotation profile. A projected rotational velocity of about 40 km s −1 is estimated by using unblended moderately strong lines. The best-fitting theoretical profile (log g= 2.50) provides one point on the T eff − log g locus. The chosen lines are those least affected by emission.
To the mean of the loci from the He i profiles, we add several loci from application of ionization equilibrium to C and O ions and the T eff from photometry. Figure 5 shows the several loci. Their intersection suggests that the best non-LTE model atmosphere has T eff =24800±600K and log g = 2.50±0.12.
Like He i, H i line profiles are affected by emissions. H i observed profiles at 3722Å, 3970Å and 4340Å were chosen for estimating the NLTE hydrogen abundance by spectrum synthesis. The line wings of 3970Å and 4340Å profiles are mainly used for this purpose as their cores are severely affected by emissions. The hydrogen model atoms and line broadening coefficients are from TLUSTY. Observed profiles of the 3722Å, 4397Å, and 4340Å are shown in Figure 6 with predicted non-LTE profiles for a non-LTE atmosphere of T eff =25000K and log g = 2.50 for three different hydrogen abundances.
The abundance analysis for all elements was conducted for the model atmosphere (T eff , log g, ξ)=(25000, 2.50, 24.0). The final photospheric line by line non-LTE and/or LTE abundances including the mean abundance, and the line-to-line scatter, are given in Tables  3 and 4 . The lines giving significantly deviant abundances are marked by ?, and are not included in estimating the mean. The abundance rms errors, due to uncertainty in T eff and log g, from C ii, C iii, C iv, N ii, N iii, O ii, O iii, and Ne ii are 0.11, 0.14, 0.29, 0.09, 0.12, 0.08, 0.14, and 0.13 dex, respectively.
Similarly, we have also conducted the LTE analysis. The LTE TLUSTY models with the LTE line analysis gives the final model parameters: (T eff , log g, ξ)=(24750, 2.65, 30.0). The LTE abundances for the best LTE TLUSTY model are given in Tables 3 and 4 . The abundance rms errors, due to uncertainty in T eff and log g, are very similar to those estimated for the appropriate non-LTE model atmosphere.
Atmospheric parameters -Summary
Results of the analysis of the He, C, N, and O lines for the CASPEC, UCLES and UVES spectra are summarized in Table 1 and shown graphically in Figure 5 where the available loci are plotted together with the T eff from the V-band photometry. The adopted T eff and log g for each spectrum is shown by the cross in each panel. For a given spectrum, the cross is a good representation of each available locus and in fair to good agreement with the T eff from the V-band photometry. These spectroscopic analyses show that DY Cen evolved to higher effective temperature and higher surface gravities between 1987 and 2010 following the trend suggested by photometry since early in the twentieth century (Figure 1 ).
The DY Cen's derived stellar parameters for all three epochs ( Figure 7 ) are plotted on Figure 6 of Saio & Jeffery (2002) for the merger products. This suggests that DY Cen has evolved at a constant luminosity corresponding to a 0.9M ⊙ model starting from 0.6 -0.5M ⊙ CO WDs. DY Cen has become hotter by about 5000 K in 23 years, i.e, at a rate of about log (dTeff/dt) (K/yr) = 2.34. This rate is higher when compared with the rates given by Saio & Jeffery (2002) in their Figure 7 for the merger products. Rao et al. (2012) , based on their radial velocity measurements, noticed that DY Cen is a binary. It is possible that the binary companion, by interaction, is increasing DY Cen's mass loss rate, and hence, enhancing its evolutionary rate as observed (Schoenberner 1979) .
Chemical Composition
Since the dominant opacity across the optical is provided by neutral He atoms, lines of an ion are sensitive to the abundance ratio of that element to helium. Abundances for element X -log ǫ(X) -are normalized to logΣµ X ǫ(X) = 12.15 where µ X is the atomic weight of element X.
With the exception of neon which is well represented by both Ne i and Ne ii lines, the elements beyond C, N, and O provide either no or just a few detectable lines. Thus, the accuracy of an elemental abundance depends in large part on secure identifications of stellar lines. In this regard, the higher quality of the UVES and (smoothed) UCLES spectra relative to the CASPEC spectrum has led to several revisions of the line identifications used by JH93 in their abundance analysis.
In the following, selected elements from H to Fe are discussed and recommended abundances derived. Recommendations are given in Table 5 where we also list the abundances from JH93 (their Table 2 ). The various RMT cited refer to Moore (1972) Hydrogen: The H abundance from select Balmer lines in the UVES spectra is given in Table 3 : the mean non-LTE abundance is 10.65 corresponding to a H/He ratio of 0.13 by number. Our analysis of Hβ, Hγ and Hδ in the CASPEC and UCLES spectra confirm this abundance with 10.6±0.1 and 10.7±0.1 from CASPEC and UCLES spectra, respectively. These H abundances are consistent with the LTE value of 10.76±0.20 obtained by JH93; the corrections for non-LTE effects are small. With this H/He ratio, DY Cen is among the most H-rich of the He-rich H-poor supergiants including the EHe and RCB stars, as JH93 recognized.
Carbon: Carbon is represented by roughly equal numbers of C ii and C iii lines and in the case of the UVES spectra by two C iv lines. Examination of the non-LTE abundances from the different ions in Tables 2 and 3 shows consistent results from the ions in the individual spectra. The unweighted means that suggest a quasi-constant abundance across the CASPEC, UCLES and UVES spectra: 9.54 (CASPEC), 9.41 (UCLES) and 9.74 (UVES) for mean abundances of 9.57 from C ii and 9.54 from C iii lines. Given the errors of measurement and the line variability including appearance of emission components, the apparent variation of the C abundance is not considered a real effect. We adopt a mean C abundance of 9.55 or a C/He ratio of 1.0% by number.
Nitrogen: The N abundance is heavily dependent on the N ii lines with a single N iii line providing supporting evidence. The two ions give very similar N non-LTE abundances, a comforting result in that the non-LTE corrections are quite different for the two ions. The mean abundances do not change significantly from the CASPEC, UCLES and UVES spectra: log ǫ(N)= 7.78 is adopted.
Oxygen: For the UVES spectra, the O abundance is based on roughly equal numbers of O ii and O iii lines with good agreement between the non-LTE abundance from the two ions. The CASPEC and UCLES spectra from O ii lines alone give a slightly lower O abundance than the value from the UVES spectrum. The mean non-LTE abundance from the three sets of O ii lines log ǫ(O)= 8.87. Neutral Ne is represented in DY Cen by several multiplets in the red. Five clean lines are given in Table 4 with gf -values from the NIST website. The equivalent widths of these lines are substantially smaller than those reported by JH93 and the stellar profiles appear to be composed of a blend of two equal components or contaminated by weak central emission. The mean Ne abundance from Ne i lines is 8.7 and 9.5 from non-LTE and LTE analyses, respectively.
Ionized Ne provides many lines and a large selection of the cleanest lines is provided in Table 4 . The gf -values are taken from NIST website if available or else from Kurucz's website. For the UVES spectrum, the mean neon abundance from Ne ii lines is 8.4±0.2 (LTE) and 8.0±0.1 (non-LTE). These mean values are substantially lower than from the Ne i lines: the difference is 0.7 dex for the non-LTE analyses. The Ne abundance from the Ne i lines is confirmed by reanalysis of the Ne i lines measured by Rao et al. (1993) and listed by JH93 off a spectrum from 1989.
Magnesium: In the bandpass of the UVES spectrum, the sole signature of magnesium is the Mg ii 4481Å feature. Atomic data for the feature composed of three unresolved lines are from Kelleher & Podobedova (2008c) 's critical evaluation which also appears on the NIST website. The Mg abundance from the UVES spectrum is log ǫ(Mg) = 6.8 and 7.1 for non-LTE and LTE analyses, respectively. The 4481Å feature is also present on the CASPEC and UCLES spectra where its equivalent width is 256 mÅ and 176 mÅ, respectively, to be compared with 154 mÅ from the UVES spectrum. The feature when analysed with the appropriate model atmosphere (Table 1) gives very similar non-LTE Mg abundances: namely, 6.70, 6.67 and 6.76 from the CASPEC, UCLES and UVES spectra, respectively.
Aluminium:
The aluminium abundance must be determined from the few available Al iii lines with log gf -values taken from Kelleher & Podobedova (2008a) 's compilation except that values for RMT 8 at 4480Å not included by them are taken from Kurucz. Al ii and A iv lines are not expected to be detectable in the available spectra, an expectation confirmed by examination of the spectra.
For the UVES spectra, the Al abundance comes from the four features in Table 4 . The Al LTE abundances from three detected lines are 6.07 from 3601.6Å, 7.70 from 5722.7Å and 6.22 from the blend at 4480Å. The large discrepancy between the 3601Å and 5722Å lines comes from two well resolved lines and no known blend for either line. This discrepancy suggests serious non-LTE effects are present. A feature at 4149.9Å is absent and sets an abundance upper limit of 5.1, a limit more than 1 dex below the abundance provided by the 3601.6 and 4480Å lines. The 4149.9Å feature is also not detectable on the CASPEC and UCLES spectra. Clearly, this limited set of Al iii lines gives apparently inconsistent Al abundances. Our adopted abundance is 6.1 based on the consistent 3601.6 and 4480Å features.
JH93 chose three Al iii features from two multiplets with a third multiplet rejected because of a blend with an O ii line. In addition to the 4480Å feature, they adopted RMT 3 with a line at 4512.6Å and a blend near 4529Å. Remeasurement and reanalysis of these three features from CASPEC and UCLES spectra confirms the 1993 result that they give consistent Al abundances and suggests that our adopted abundance is a reasonable choice.
Silicon: At the atmospheric conditions prevailing from 1987 to 2010, one expects to see lines from the ions Si + , Si 2+ and Si 3+ depending on wavelength coverage of available spectra. Atomic data including gf -values are taken from the critical evaluation by Kelleher & Podobedova (2008b) .
Si II: The only Si ii lines on the CASPEC spectrum are from RMT 3 at 4130.89Å and 4128.05Å with log gf -values of 0.57 and 0.36, respectively. JH93 reported these as absorption lines with equivalent widths of 273mÅ and 268mÅ, respectively. Inspection of these lines on the UVES spectra shows that both are blended to the red with a stronger O ii line; the Si ii equivalent widths attributed to the CASPEC spectrum probably refer to the blend of Si ii and O ii lines. Synthesis of the blends in the UVES spectrum gives the non-LTE Si abundance of 8.4 from both lines.
An advantage of the UVES spectra over the CASPEC and UCLES spectra is that greater wavelength coverage to the red includes Si ii lines from RMT 2 (6347Å and 6371Å), RMT 4 (5978Å and 5957Å). These lines are in emission and not in absorption; the upper term of RMT 2 is the lower term for RMT 4. Application of LTE or non-LTE to absorption lines at 4128Å and 4130Å is of suspect validity given that these red multiplets appear in emission.
Si III: A search of the UVES spectra provided the well-resolved line at 5739.7Å (RMT 4) with no obvious blends -see Table 4 for the LTE and non-LTE Si abundances. Another line at 3791.4Å is blended with an O ii line. Assuming that this line is solely due to Si iii gives Si abundances of 7.03 and 7.14 for LTE and non-LTE analyses, respectively. These values are about 0.6 dex less than the abundances from the 5739Å line. Inclusion of the O ii contribution to the 3791Å line obviously increases the abundance difference between the 5739Å and 3791Å lines.
Two additional multiplets are present on the CASPEC and UCLES spectra and provide six clean lines well suited to abundance analysis: three lines of RMT 2 at 4552.6, 4567.8 and 4574.7Å and three lines or blends of RMT 9 at 4829.1, 4819.7 and 4813.3Å. (JH93 did not include these lines in their analysis.) These features give consistent abundances when analysed with the appropriate model atmosphere: the mean non-LTE Si abundances are 6.86 (RMT 2) and 6.84 (RMT 9) for the CASPEC lines and 6.92 (RMT 2) and 6.75 (RMT 9) for the UCLES lines for the grand mean of 6.84.
Si IV: The two Si iv lines of RMT 1 were detected and analysed by JH93. The weaker line at 4116.104Å appears unblended. The stronger line at 4088.86Å is blended with an O ii line from RMT 48, as noted by Jeffery & Heber. These lines which appear also in the UCLES and UVES spectra are the only representatives of the Si 3+ ion in the spectra.
Analysis of the 4116Å line on the UVES spectrum gives Si abundances of log ǫ(Si) = 7.03 (LTE) and 6.69 (non-LTE).
A consideration of the Si ii, Si iii and Si iv lines discussed in this section suggests that the Si abundance is log ǫ(Si) ≃ 6.8 according to the suite of CASPEC, UCLES and UVES spectra. In drawing this conclusion, we give zero weight to the Si abundance from the Si ii 4128Å and 4130Å on the grounds that Si ii lines in the red are in emission which feature is not accounted for by our non-LTE analysis. A concern is that the clean Si iii 5739Å line gives a higher abundance of 7.2 and the blended Si iii 3791Å line gives the upper limit of 6.6 when the line is assumed to be purely from the Si 2+ ion.
Phosphorus: A search of UVES spectra was conducted for lines of P ii, P iii and P iv lines. No lines of P ii were found. Two lines of P iii and three lines of P iv were deemed potential suitable for abundance analysis. Three lines of P iii were the basis for the P abundance reported by JH93. In the UVES spectrum, the 4080Å line has a much smaller equivalent width than the 4222Å lines (20mÅ versus 157mÅ) and yields a lower P abundance (5.50 versus 5.99). The UCLES spectrum confirms this equivalent width difference. Yet, the equivalent widths of the 4080Å and 4222Å lines listed by Jeffery & Heber from their CASPEC spectrum are almost identical. Examination of the CASPEC spectrum suggests that the 4080Å feature measured previously was displaced by about 0.5Å from the expected wavelength. In light of the agreement between UVES and UCLES spectra, it would appear that the LTE analysis results in approximately a 0.5 dex abundance difference between the two lines. It does not appear that the 4222Å line is contaminated by an unidentified line or that the 4080Å is weakened by emission. Perhaps, a non-LTE analysis would eliminate the 0.5 dex difference.
P IV: Lines of RMT 1 and 2 appear to be present as weak lines. the strongest two lines of RMT 1 -3347.72Å and 3364.44Å -are present as is the single line of RMT 2 at 4249.57Å. The latter line is too weak to be detected on either the CASPEC or UCLES spectra. The former two lines fall outside the CASPEC and UCLES bandpasses. The log gf -values given by NIST are quantum calculations (Zare 1967) . More recent calculations (Froese Fischer et al. 2006) giving similar results are adopted in Table 4 .
With the exception of the low P abundance from the P iii 4080Å line, a P LTE abundance of 6.0 is indicated from one P iii and three P iv lines.
Sulphur: The S abundance given by JH93 was based on three S ii and two S iii lines. A reassessment of sulphur's contribution to DY Cen's spectrum was made using the UVES spectra. Atomic data were taken from Podobedova et al. (2009)'s critical evaluation.
S II: Inspection of the UVES spectra gave no convincing identifications of S ii lines. The likely strongest line -5453.855Å from RMT 6 -falls outside the bandpass of all available spectra. Several lines are not detectable on the UVES and/or the UCLES spectra and provide upper limits to the S abundance consistent with the abundance provided by the S iii lines. Three S ii lines were measured by JH93: two lines -4815.6Å and 4716.3Å from RMT 9 -and one -4162.7Å -from RMT 44. On the UVES and UCLES spectra, the 4815.6Å line is absent, the 4716.3Å may be present and the 4162.7Å line is blended with a C iii line.
S III: The ion S
2+ is represented by a handful of weak lines. The two moderately strong lines from RMT 4 listed by Jeffery & Heber are badly blended. Table 4 details the selected lines providing abundance estimates; other lines from some of the multiplets are obviously present and might provide an abundance estimate were synthetic spectra computed. No line in Table 4 is of a strength to be detectable in the CASPEC spectrum.
The mean non-LTE sulphur abundance from the five S iii lines is log ǫ(S) = 6.2 after a negligible correction for non-LTE effects.
Argon: Leading lines of the lowest multiplets of Ar ii are absent. In particular, 4400.986Å from RMT 1 with log gf = −0.28 is not detectable on the UVES spectra and 4806.020Å with log gf = 0.21 is not present on the UCLES spectrum. The LTE Ar abundances are log ǫ(Ar) ≤ 7.2 and 6.6 from 4400Å and 4806Å, respectively. Our equivalent width limit for 4806Å of 15 mÅ is similar to the measurement of 10mÅ reported by JH93 from their CASPEC spectrum. All Ar i lines within the bandpasses of available spectra are far below detection limits.
Iron: JH93 used two Fe iii lines from RMT 4 to derive the low Fe abundance log ǫ(Fe) = 5.04, i.e., 2.4 dex below the solar abundance. Our search of the UVES spectrum yielded upper limits and one weak line from multiplets 4, 36, 45 and 118. The log gf -values are taken from Kurucz.
The leading line of RMT 4 at 4419.596Å is coincident with an emission line with emission of comparable strength present on the UCLES spectrum and just possibly on the CASPEC spectrum. Emission may be present also at 4431.019Å at a strength too weak to be seen in the UCLES spectrum: an absorption equivalent width is no stronger than 13 mÅ or the LTE abundance is less than log ǫ(Fe) = 7.0. This is one of the two lines used by Jeffery & Heber who gave the equivalent width as 67 mÅ. Their other line at 4395.755Å is blended with an O ii line. The RMT 4 line at 4352.577Å is absent with an equivalent width limit of 6 mÅ yielding the non-LTE Fe abundance limit log ǫ(Fe) ≤ 7.2.
Multiplet RMT 36 provides a possible detection of the multiplet's second strongest line: the line at 3603.888Å has an equivalent width of 13 mÅ and gives the non-LTE abundance of log ǫ(Fe) = 6.0. Multiplets 45 and 118 provide useful upper limits to the Fe non-LTE abundance (see Table 4 ) in the range 6.0 to 6.4. In short, the adopted Fe non-LTE abundance is log ǫ(Fe) ≃ 6.0.
A nagging concern about the abundance analysis is the 0.7 dex difference between the non-LTE Ne abundance provided by the red Ne i and blue-ultraviolet Ne ii lines. The UVES spectra are the only available spectra of DY Cen to provide both Ne i and Ne ii lines. The Ne i lines analysed by JH93 confirm our Ne abundance from these lines. One might attribute the 0.7 dex difference to an inadequate treatment of non-LTE effects in line formation in an atmosphere that fails to resemble the chosen theoretical atmosphere. One cannot help but notice that the red-Ne i -blue-Ne ii abundance difference is reproduced apparently in abundances from the selection of Al iii lines and of Si iii lines (see Table 4 ). Are these differences unrelated non-LTE effects? Or is there a common wavelength effect such as an error in the modelling of the continuous opacity?
6. Commentary on DY Cen's composition Table 5 summarizes the abundances. Columns two and three give our non-LTE and LTE abundances, respectively and previous estimates by JH93 are given in column four.
Composition of the solar photosphere is given in the final column (Asplund et al. 2009 ).
Comparison with Jeffery & Heber:
A fair comparison involves the LTE abundance estimates. Inspection of Table 5 shows that the two determinations are in good agreement (i.e., differences of less than ±0.2 dex with the difference for C at 0.3 dex) except for three elements: -1.1 (Si), -0.9 (S) and +1.6 (Fe) where the numerical value is our LTE abundance minus their LTE abundance in dex. The principal reason for these differences appear to be found in differing choices of lines (see above).
Initial metallicity: DY Cen's initial metallicity should be judged from elements most likely unaffected by nucleosynthetic processes whose products are now in the star's atmosphere. This criterion identifies the sequence of heavy elements from Mg to Fe. For elements for which a non-LTE abundance was determinable, the differences (in dex) between abundance for DY Cen and the solar photosphere (Asplund et al. 2009 ) are -0.9 (Mg), -0.7 (Si), -0.9 (S), and -1.5 (Fe). A straight average of these four would give a metal deficiency of -1.0 dex. The lower Fe abundance could point to the origin of DY Cen in the Galactic thick disk where Mg, Si, and S are overabundant relative to Fe by about 0.3 dex and, hence, an iron abundance of about -1.2 dex.
For the remaining heavy elements with a LTE abundance estimate only, the differences with the solar photosphere are somewhat confusing for Al and P: -0.3 (Al) and +0.6 (P) but, as discussed above, the available lines for both elements do not provide an entirely consistent set of LTE abundances. Non-LTE corrections for Al seem likely to drive the Al abundance downward and provide a difference with the solar photosphere more in line with the values for Mg, Si and S. For an iron deficiency of 1.0 dex, the expected P abundance for the thick disk is about 4.7 (Caffau et al. 2011) , i.e., a non-LTE correction of -1.3 dex is implied or the chosen P iii and P iv lines are seriously blended.
Fluorine: The fluorine abundance is in line with the abundance found for extreme helium stars (EHes) by Pandey (2006) from F i lines and for many RCB stars also from F i lines by Pandey, Lambert & Rao (2008) . The overabundance relative to the solar photosphere is 2.5 dex or 2.7 dex if the recent redetermination of the solar F abundance is adopted (Maiorca et al. 2014 ).
In the case of the EHes and RCrBs, synthesis of F is identified with a hot phase as two low mass white dwarfs merge -the double-degenerate (DD) scenario. In the competing scenario for forming a EHe or a RCrB, a low mass AGB experiences a final or a late He shell flash but F synthesis is not expected in this case. This latter expectation seems confirmed by the case of Sakurai's object (V4334 Sgr) for which Pandey et al. (2008) found an upper limit for the F abundance of 5.4 dex or about 1.6 dex less than the typical F abundance of EHes and most RCrBs.
Comparison with EHes: Spectral classification supported by the general characteristics of the chemical composition suggest that DY Cen's origin is closely related to that of the Extreme Helium stars (EHes) whose origins in turn are supposed to be related to those of the R Coronae Borealis (RCB) stars. Compilations of the compositions of EHes and RCBs Pandey & Lambert 2011; Jeffery et al. 2011) show that key nucleosynthetic signatures of EHes are shared with DY Cen, i.e., DY Cen has the typical C/He ratio (∼ 1%) and marked Ne and severe F overabundances of EHes. Similarity of nucleosynthetic signatures encourages the view that DY Cen and EHes share a common origin -a merger of a He and a C-O white dwarf (i.e., the Double-Degenerate (DD) scenario). This view is, perhaps, challenged by the exceptional H abundance of DY Cen which is 2 dex greater than the next most H-rich EHe and less seriously tested by DY Cen's Fe abundance which is among the lowest found for EHes. A severe challenge to the idea that DY Cen is a product of the DD scenario is the proposal by Rao et al. (2012) that the star is a spectroscopic binary with a low mass unseen secondary which might be a He white dwarf or a low-mass (stripped?) main sequence star. Of course, one may suppose that DY Cen was originally a triple system which, thanks to a merger of two stars, is now a binary star. Rao et al. (2012) suggest that DY Cen is a common-envelope system with the secondary presently embedded within the primary's envelope. Theoretical studies of the formation of H-poor stars in binaries (e.g., Podsiadlowski (2008) ) sketch how binary systems of two normal stars may evolve through a common-envelope to either single or binary H-poor compact star and evolving to a sdB star, a hot compact H-poor star approaching a white dwarf cooling track. Atomic diffusion alters the surface composition of a sdB star and, therefore, it is difficult to correlate sdB compositions with the composition of putative predecessors. Common-envelope systems leading to a sdB in a binary (e.g., Podsiadlowski (2008) , Figure  2 ), in contrast to merger scenarios, do not experience nucleosynthesis resulting in overabundances of Ne and, in particular, F. Thus, it would appear that a common envelope is insufficient to account for DY Cen and a merger or similar event accompanied by nucleosynthesis is a necessary part of DY Cen's history. Nonetheless, it should be noted that the majority of sdB stars are binaries, and several have periods in the 10-100 day range (Maxted et al. 2001; Copperwheat et al. 2011; Barlow et al. 2012 ).
Concluding Remarks
Judged solely by effective temperature, surface gravity and chemical composition, DY Cen is an Extreme Helium star, albeit one with an unsually large amount of hydrogen. This identification of DY Cen as an EHe is in conflict with the identification of the star as a spectroscopic binary (Rao et al. 2012) and both the generally accepted idea that EHes form by the merger of two white dwarfs and the observational (if tentative) conclusion from radial velocity studies that (other) EHes are single stars. Resolution of the conflict is expected to come from an intensive spectroscopic campaign covering about 120 days -thrice the length of the orbital period found by Rao et al. Velocity and profile variations over this campaign should tease out the orbital velocity variation from those arising from atmospheric pulsations and wind instabilities.
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